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Description 

[0001] The invention relates to an aortic graft for in- 
traluminal delivery, for repairing an abdominal aortic an- 
eurysm, 

[0002] An abdominal aortic aneurysm is a sac caused 
by an abnormal dilation of the wall of the aorta ; a major 
artery of the body, as It passes through the abdomen. 
The abdomen is that portion of the body which lies be- 
tween the thorax and the pelvis. It contains a cavity, 
known as the abdominal cavity, separated by the dia- 
phragm from the thoracic cavity and lined with a serous 
membrane, the perfconeum. The aorta is the main trunk, 
or artery, from which the systemic arterial system pro- 
ceeds. It arises from the left ventricle of the heart, pass- 
es upward, bends over and passes down through the 
thorax and through the abdomen to about the level of 
the fourth lumbar verlebra, where it divides into the two 
common iliac arteries. 

[0003] The aneurysm usually arises In the infrarenal 
portion of the arterioscleroticiy diseased aorta, for ex- 
ample, below the kidneys. When left untreated, the an- 
eurysm will eventually cause rupture of the sac with en- 
suing fatal hemorrhaging in a very short time. High mor- 
tality associated with the rupture has led to the present 
state of the art and the transabdominal surgical repair 
of abdominal aortic aneurysms. Surgery Involving the 
abdominal wall, however, is a maj or undertaking with 
associated high risks. There is considerable mortality 
and morbidity associated with this magnitude of surgical 
intervention, which in essence involves replacing the 
diseased and aneurysmal segment of blood vessel with 
a prosthetic device which typically Is a synthetic tube, 
or graft, usually fabricated of either DACRON®, TE- 
FLON®, or other suitable material, 
[0004] To perform the surgical procedure, requires ex- 
posure of the aorta through an abdominal incision which 
can extend from the rib cage to the pubis. The aorta 
must be closed both above and below the aneurysm, so 
that the aneurysm can then be opened and the throm- 
bus, or blood clot, and arteriosclerotic debris removed. 
Small arterial branches from the back wall of the aorta 
are tied off. The DACRON® tube, or graft, of approxi- 
mately the same size of the normal aorta is sutured in 
place, thereby replacing the aneurysm. Blood flow is 
then reestablished through the graft. If is necessary to 
move the intestines in order to get to the back wall of 
the abdomen prior to clamping off the aorta. 
[0005] If the surgery is performed prior to rupturing of 
the abdominal aortic aneurysm, the survival rate of treat- 
ed patients is markedly higher than If the surgery is per- 
formed after the aneurysm ruptures, although the mor- 
tality rate Is still quite high, if the surgery is performed 
prior to the aneurysm rupturing, the mortality rate is typ- 
ically slightly less than 1 0%. Conventional surgery per- 
formed after the rupture of the aneurysm is significantly 
higher, one study reporting a mortality rate of 68,7%, Al- 
though abdominal aortic aneurysms can be detected 
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from routine examinations, the patient does not experi- 
ence any pain from the condition. Thus, if the patient is 
not receiving routine examinations, it Is possible that the 
aneurysm will progress to the rupture stage, wherein the 

s mortality rates are significantly higher. 

[0008] Disadvantages associated with the conven- 
tional, prior art surgery, In addition to the high mortality- 
rate are: the extended recovery period associated with 
such surgery; difficulties in suturing the graft, or tube, to 

?0 the aorta; the loss of the existing aorta wall and throm- 
bosis to support and reinforce the graft; the unsuitably 
of the surgery for many patients having abdominal aortic 
aneurysms; and the problems associated with perform- 
ing the surgery on an emergency basis after the aneu- 

ts rysm has ruptured. As to the extent of recovery, a patient 
can expect to spend from 1 to 2 weeks In the hospital 
after the surgery, a major portion of which is spent in the 
intensive care unit, and a convalescence period at home 
from 2 to 3 months, particularly if the patient has other 

20 illness such as heart, lung, liver, and/or kidney disease, 
in which case the hospital stay is also lengthened. Since 
the graft must be secured, or sutured, to the remaining 
portion of the aorta, it Is many times difficult to perform 
the suturing step because of thrombosis present on the 

25 remaining portion of the aorta, and that remaining por- 
tion of . the aorta wall may many times be friable, or eas- 
ily crumbled. 

[0007] Since the aneurysm is totally removed In the 
prior art surgery, the new graft does not have the benefit 

30 ofthe previously existing aortic wall, and the thrombosis 
therein, which could be utilized to support and reinforce 
the graft were the graft to be able to be inserted within 
the existing aortic wall and thrombosis. Since many pa- 
tients having abdominal aortic aneurysms have other 

35 chronic illnesses, such as heart, lung, liver, and/or kid- 
ney disease, coupled with the fact that many of these 
patients are older, the average age being approximately 
67 years old, these patients are not ideal candidates for 
such surgery, which is considered major surgery. Such 

40 patients have difficulties in surviving the operation. Last- 
ly, once the aneurysm has ruptured, it is difficult to per- 
form a conventional surgery on an expedited basis be- 
cause of the extent of the surgery. 
[0008] EP-A-04S 1 791 discloses an aortic graft for In- 

45 traluminal delivery to repair an abdominal aortic aneu- 
rysm in an aorta having two iliac arteries associated 
therewith at an aortic bifurcation, comprising a tube hav- 
ing first and second ends, an intermediate portion dis- 
posed between the first and second ends, and a wail 

so surface disposed between the two ends, at least a por- 
tion of the tube adapted to be disposed within the ab- 
dominal aortic aneurysm. The intermediate portion of 
the tube is stated to be preferably not substantially ra- 
dially expandable. The first end of the tube is stated to 

55 be preferably constructed so that it is radially expanda- 
ble. 

[0009] The prior art graft further comprises first means 
for securing the first end of the tube to the aorta, this 
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first securing means having a first diameter which per- 
mits intraluminal delivery of the first securing means into 
tne aorta and the first securing means having a second, 
expanded, diameter, to secure the first end of the tube 
to the aorta. 

[0010] The aortic graft disclosed in EP-A-0461791 
(Figures 7 and 8) includes a second means for securing 
the second end of the tube at the aortic bifurcation, the 
second securing means being disposed at the second 
end of the tube. This second securing means comprises 
a pair of tubular members, each preferably being of the 
same type of construction as the first securing means 
and each serving In use to secure one branch of the bi- 
furcated second end of the tube. 
[0011] EP-A-0479557 discloses an alternative aortic 
grant for intraluminal delivery to repair an abdominal 
aortic aneurysm in an aorta having two iliac arteries as- 
sociated therewith at an aortic bifurcation. In the ar- 
rangement disclosed therein (Figure 1 ), the second se- 
curing means comprises a single tubular member, of the 
same type of construction as the first securing means 
and serving in use to secure a portion of the tube to the 
abdominal aorta close to the bifurcation of the iliac ar- 
teries. 

[0012] The present Invention aims to provide an alter- 
native means for securing the second end of the tube in 
an aortic graft for repairing an abdominal aortic aneu- 
rysm in an aorta having two Iliac arteries associated 
therewith at an aortic bifurcation, in particular, the 
present invention aims to provide an aortic graft which 
can be used in cases where the aneurysm has a lower 
neck which Is not of an adequate length, or where the 
interior surface of the aortic bifurcation has an Irregular 
shape or cross-sectional configuration, in which cases 
it might be difficult to utilize a second securing means 
as taught in the prior art to secure the lower end of the 
tube within the aortic bifurcation without undesired reflux 
of blood-flow into the aneurysm sac. 
[0013] The present invention is defined in accordance 
with the appended claims. 

[0014] In accordance with the invention, there is pro- 
vided an aortic graft for intraluminal delivery to repair an 
abdominal aortic aneurysm in an aorta having two lilac 
arteries associated therewith at an aortic bifurcation. 
The graft includes: a tube having first and second ends, 
an intermediate portion disposed between the first and 
second ends, and a wall surface disposed between the 
two ends, at least a portion of the tube adapted to be 
disposed within the abdominal aortic aneurysm, the in- 
termediate portion of the tube being not substantially ra- 
dially expandable, and the first end of the tube being 
substantially radially expandable; first means for secur- 
ing the first end of the tube to the aorta, the first securing 
means having a first diameterwhich permits intraluminal 
delivery of the first securing means into the aorta and 
the first securing means having a second, expanded di- 
ameter, to secure the first end of the tube to the aorta; 
and a second means for securing the second end of the 



tube at the aorta bifurcation. 

[0015] In accordance with the present invention the 
second means for securing the second end of the tube 
comprises at least one wire associated with the second 

s end of the tube, the wire and the second end of the tube 
having a first cross-sectional configuration which per- 
mits intraluminal delivery of the tube and the second se- 
curing means within the aortic bifurcation; and a second 
enlarged cross-sectional configuration , wherein the wire 

?0 and second end of the tube conform to, and sealingly 
engage, the interior surface of the aortic bifurcation. An 
additional optional feature of the present invention is 
that the at least one wire may be associated with the 
second end of the tube by weaving the at least one wire 

is into the second end of the tube, and the at least one wire 
may be woven into the second end of the tube in a gen- 
erally zigzag pattern. A further optional feature of the 
present invention is that portions of the at least one wire 
may be woven into the second end of the tube with por- 

20 tions of the at least one wire extending outwardly, or In- 
wardly, of the second end of the tube. 
[001 8] The at least one wire may be preferably formed 
of gold, or tantalum, or any other suitable metallic or 
plastic material having the requisite flexibility and bio- 

25 compatibility characteristics for the intended use of the 
graft. 

[001 7] The graft of the present Invention may be used 
in a method for repairing an abdominal aortic aneurysm 
in an aorta having two iliac arteries associated therewith 

30 at an aortic bifurcation having an Interior surface. The 
method suitably comprises the steps of: connecting an 
upper end of the tube to an expandable tubular member 
as the first securing means; disposing the tube and tu- 
bular member upon a first catheter having a first expand- 

35 able, inflatable portion with the tubular member dis- 
posed upon the expandable, inflatable portion; intralu- 
minal^' delivering the tube, tubular member and first 
catheter to the aorta and disposing at least a portion of 
the tube within the abdominal aortic aneurysm; expand- 

40 ing the first expandable, Inflatable portion of the catheter 
to expand the tubular member to force the tubular mem- 
ber radially outwardly into contact with the aorta to se- 
cure the tubular member and at least a portion of the 
tube within the aorta; and securing a lower end of the 

45 tube within the aortic bifurcation via the second securing 
means whereby the tube provides a fluid passageway 
through the abdominal aortic aneurysm. 
[0018] In accordance with another aspect, the method 
may include the steps of: connecting an upper end of 

so the tube to an expandable, tubular member as the first 
securing means; disposing the tube and tubular mem- 
ber upon a catheter having a first expandable, inflatable 
portion with the tubular member disposed upon the first 
expandable, inflatable portion; intraluminal^ delivering 

55 the tube, tubular member and catheter to the aorta and 
disposing at least a portion of the tube within the abdom- 
inal aortic aneurysm; expanding the first expandable, In- 
flatable portion of the catheter to expand the tubular 
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member to force the tubular member radially outwardly 
into contact with the aorta to secure the tubular member 
and at least a portion of the tube within the aorta; and 
sealing the second end of the tube within the aortic bi- 
furcation via the second securing means, whereby the 
tube provides a fluid passageway through the abdomi- 
nal aortic aneurysm, 

[0019] The second end of the tube may be sealed 
within the aortic bifurcation using the at least one wire 
with the lower end of the tube, by forcing the at least one 
wire and lower end of the tube outwardly to conform to, 
and sealingiy engage against, the interior surface of the 
aortic bifurcation. The graft may be manufactured by a 
method which includes the step of weaving the at least 
one wire into the lower end of the tube, and the at least 
one wire may be woven in a generally zigzag pattern, A 
further feature of the manufacture may include the step 
of weaving the at least one wire into the lower end of the 
tube with portions of the at least one wire extending out- 
wardly, or inwardly, of the lower end of the tube. 
[0020] A balloon device is preferably used with the 
graft of the present invention in repairing an abdominal 
aortic aneurysm in an aorta having two iliac arteries as- 
sociated therewith at an aortic bifurcation. Such a bal- 
loon device suitably includes: a catheter having a longi- 
tudinal axis and at least three interna! passageways; 
first and second inflatable balloons disposed upon the 
catheter and separated by a predetermined distance, 
each balloon connected to at least one of the internal 
passageways, the second balloon having first and sec- 
ond ends and a longitudinal axis which Is substantially 
parallel to the longitudinal axis of the catheter, the first 
end of the second balloon being disposed closer to the 
first balloon then the second end of the second balloon; 
the first and second balloons having a generally cylin- 
drical cross-sectional configuration upon being inflated, 
defined by an outer wail surface; and the second end of 
the second balloon including an end wall surface which 
is disposed substantially perpendicular to the longitudi- 
nal axis of a first portion of catheter disposed within the 
second balloon and substantially perpendicular to the 
outer wail surface of the second balloon, whereby the 
second balloon may be readily disposed within the aortic 
bifurcation. 

[0021] Another feature of this balloon device may be 
that a second portion of a catheter located adjacent the 
second end of the second balloon is disposed at an an- 
gle of approximately thirty degrees with respect to the 
longitudinal axis of the second balloon, whereby the 
second portion of the catheter may be readily disposed 
in an iliac artery adjacent the aortic bifurcation. A further 
feature of the balloon device may that the second por- 
tion of the catheter may be biased into the angle of ap- 
proximately thirty degrees. 

[0022] The first means forsecuring the tube of the aor- 
tic graft within the aorta may suitably Include a thin- 
walled tubular member having first and second ends 
and a smooth outer wail surface disposed between the 
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first and second ends, the wall surface having a sub- 
stantially uniform thickness and a plurality of slots 
formed therein, the slots being disposed substantially 
parallel to the longitudinal axis of the tubular member, 

s fhe tube being secured to the outer wall surface of the 
tubular member; the tubular member having a first di- 
ameter which permits intraluminal delivery of the tubular 
member and tube into the aorta and the tubular member 
and tube having a second, expanded and deformed di~ 

?0 ameter, upon the application from the interior of the tu- 
bular member of a radially, outwardly extending force, 
which second diameter is variable and dependent upon 
the amount of force applied to the tubular member, the 
tube and tubular member each having a predetermined 

is length, the length of the tube and tubular member being 
substantially the same, whereby the tubular member 
may be expanded and formed to secure fhe tube within 
the body passageway. 

[0023] Another feature of this first securing means 

20 may be that the tube may be secured to the outer wall 
surface of the tubular member by a plurality of sutures. 
Afurtherfeature of the first securing means may be that 
at least one pair of sutures may be utilized and the su- 
tures of each pair of sutures are disposed on the outer 

25 wall surface of the tubular member, circumferential! 1 / 
spaced by an angle of approximately 180 degrees. An 
additional feature of the first securing means may be 
ihat the tube may be folded and wrapped around the 
tubular member when the tubular member has its first 

30 diameter; and the tube unfurls and has a diameter sub- 
stantially equal to the diameter of the tubular member, 
after the tubular member has been expanded and de- 
formed and has the second, expanded and deformed 
diameter. 

35 [0024] In the drawings: 

FIG. 1 is a partial cross-sectional view of an abdom- 
inal aortic aneurysm in the process of being re- 
paired In accordance with the prior art; 
40 FIG, 2 is a partial cross-sectional view of a portion 
of the aorta of FIG, 1, illustrating the expansion of 
a portion of an aortic graft; 

FIG, 3 is a partial cross-sectional view of the aorta 
of FIG. 2, illustrating the portion of the aortic graft 
45 being fully expanded; 

FIG. 4 is a partial cross-sectional view of an aorta 
with the aortic graft of the prior art having been used 
to repair an abdominal aortic aneurysm: 
FIG. 5 is a perspective view of an apparatus for re- 
so pairing an abdominal aortic aneurysm; 

FIGS, 6-8 illustrates different embodiments of an 
aortic graft in accordance with the prior art, such 
grafts being disposed within an abdominal aortic 
aneurysm and/or iliac aneurysm: 
55 FIGS, 9-12 are partial cross-sectional views of an 
abdominal aortic aneurysm, illustrating one embod- 
iment of: fhe method of the prior art for repairing an 
abdominal aortic aneurysm and Iliac aneurysm; 
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FIG- 13 is a partial cross-sectional view of a patient 
with a ruptured abdominal aortic aneurysm, which 
rupture is being repaired in accordance with the pri- 
or art; 

FIG. 13a is an enlarged partial cross-sectional view 
of a portion of FIG. 13; 

FIG. 14 is a partial cross-sectional view along the 
longitudinal axis of an apparatus for repairing an ab- 
dominal aortic aneurysm, after the aneurysm has 
ruptured: 

FIG. 15 is a partial cross-sectional view of the aorta 
of FIG. 2, illustrating the expansion of a portion of 
the prior art aortic graft; 

FIG. 1 6 is a partial cross-sectlonai view of the aorta 
of FIG. 15, illustrating the prior art aortic graft, after 
it has been fully expanded; 
FIG. 1 7 is a partial cross-sectional view of the aorta 
of FIG. 16, having the lower end of the graft being 
secured within the aortic bifurcation; 
FIG. 18 is an exploded view of the lower end of an 
aortic graft which includes a means for sealing the 
lower end of the graft within the aortic bifurcation 
according to the present Invention; 
FIG. 1 9 Is an exploded view of the lower end of the 
aortic graft of FIG. 18 after the graft has been ex- 
panded; 

FIG. 20 is a partial cross-sectional view of a balloon 
device for use with the graft according tofhe present 
invention; and 

FIG. 21 is a partial cross-sectional view taken along 
line 21 -21 of FIG. 20. 

[0025] While the invention will be described in con- 
nection with the preferred embodiment, It will be under- 
stood that it is not intended to limit the invention to that 
embodiment. On the contrary, it Is intended to cover all 
alternatives, modifications, and equivalents, as may be 
included within the scope of the invention as defined by 
the appended claims. 

[0026] FIGS. 1 to 1 7 relate to the pre art grafts dis- 
closed generally in EP-A-0 481 791 and EP-A-0 479 
557, and are included herein to illustrate those aspects 
of the graft of the present invention which are also found 
in the prior art. 

[0027] In FIGS. 1 -4 an aortic graft 150 for Intraluminal 
delivery to repair an abdominal aortic aneurysm 151 in 
an aorta 152 having two iliac arteries 153L, 153R asso- 
ciated therewith Is illustrated. Aneurysm 1 51 include ar- 
eas of thrombosis 154, which are disposed against the 
interior wall surface 155 of aorta 152. Blood flows 
through the aorta in the direction of arrows 156, Asso- 
ciated with aorta 152, above aneurysm 151, are a plu- 
rality of renal arteries 157, in fluid communication with 
aorta 1 52. Aortic graft 1 50 is seen to generally comprise: 
a tube 1 60 having first and second ends 161, 1 62 and 
wall surface 183 disposed between the two ends, at 
least a portion of the tube 180 adapted to be disposed 
within the aneurysm 151; and means for securing 165 



the first end 1 61 of the tube 1 60 to the aorta 152. 
[0028] Preferably securing means 185 includes a 
thin-walled member 166 having first and second ends 
1 67, 1 68 and a smooth outer wall surface 1 69 disposed 

s between the first and second ends 1 67, 1 88 of the thin- 
wailed member 166, The thin-walled member 166 has 
a first diameter D' {FIG. 1), which permits intraluminal 
delivery of the thin-walled member 166 into the aorta 
152. Upon the application from the interior of the thin- 

?0 walled member 168 of a radially outwardly extending 
force, as will be hereinafter described in greater detail, 
the thin-walled member 166 has a second, expanded 
and deformed diameter D" (FIGS. 3 and 4), whereby the 
thin-walled member 168 Is expanded and deformed to 

is secure the first end 1 67 of the thin-walled member 1 66 
and the first end 161 of the tube 160 to the aorta 152. 
The second diameter D", as will be hereinafter de- 
scribed in greater detail, is variable and dependent upon 
the amount of force applied to the thin-walled member 

so 1 68. The first end 1 81 of tube 1 60 is connected to the 
second end 168 of the thin-walled member 166, as by 
a plurality of sutures 170 (FIG. 2). Sutures 170 may be 
conventional sutures of polypropylene, DACRON®, or 
any other suitable material. Preferably, the first end 1 81 

25 of tube 1 60 overlaps and covers the second end 1 88 of 
thin-walled member 166, such overlap being approxi- 
mately 50% of the length of thin-walled member 166. 
The first end 161 of tube 160, which overlaps the second 
end 188 of thin-walled member 166, is preferably con- 

30 structed so that it is radially expandable, whereby the 
first end 1 61 of tube 1 60 may conform with the second, 
expanded and deformed diameter D" of the second end 
168 of the thin-walled member 168 as seen in FIGS. 3 
and 4. If tube 160 is woven, the weave of the material 

35 at Its first end 161 is looser, so that the desired radial 
expansion can be obtained. The intermediate portion 

1 71 of tube 1 80 disposed between first and second ends 
161, 1 62 thereof, is preferably not substantially radially 
expandable. 

40 [0029] Still with reference to FIGS. 1-4, thin-walled 
member 1 68 is preferably a thin-walled tubular member 

1 72 whose wall surface 1 69 has a substantially uniform 
thickness with a plurality of slots 173 (FIGS. 1 and 5) 
formed therein, the slots 173 being disposed substan- 

45 tialiy parallel to the longitudinal axis of the tubular mem- 
ber 172. if has been found that one type of thin-walled 
member 186, or tubular member 172, which is particu- 
larly useful as securing means 165 are the expandable 
intraluminal grafts disclosed in U.S. Patent No. 

so 4,733,665, issued March 29, 1988; U.S. Patent No. 
4,739,762, issued April 26, 1988; and U.S. Patent No. 
4,776,337, issued October 11, 1988, all the foregoing 
patents being In the name of Julio C. Paimaz, and as- 
signed to Expandable Grafts Partnership. Each of these 

55 patents Is Incorporated herein by reference to the extent 
permitted by law. Other thin-walled members 1 66, or tu- 
bular members 1 72 could be utilized as securing means 
185, provided they have ability to be controllably ex- 
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panded and deformed from the first diameter D'. which 
permits intraluminal delivery of securing means 1 65, to 
the second expanded and deformed diameter D", In or- 
der to secure the thirt-waiied member 1 86, and connect- 
ed tube 1 60 within aorta 152. s 
[0030] still with reference to FIGS. 1 -4, tube 1 60, pref- 
erably has a generally, circular cross-sectional configu - 
ration, and tube 1 80 may be made from a variety of ma- 
terials, provided they have the requisite strength char- 
acteristics to be utilized as an aortic graft 150, as well 10 
as have the requisite compatibility with the human body 
in order to be used as a graft, or implant material, without 
being rejected by the patient's body. Examples of such 
materials are DACRON© and other polyester materials. 
TEFLON© (polytetrafluoroethylene), TEFLON® coated is 
DACRON® material and porous polyurefhane. The ma- 
terial can be knitted or woven, and can be warp or weft 
knitted, if the material is warp knitted, it may be provided 
with a velour, ortowei like surface, which speeds up clot- 
ting of blood which contacts tube 160 in order to in- 20 
crease the attachment, or Integration, of tube 1 60 to aor- 
ta 152, or to assist the integration of tube 160 to the 
thrombosis 154. Tube 180 can also be made of a bio- 
erodible, or degradable material, such as albumin or col- 
lagen or a collagen coated material. A tube 160 which 25 
is bioerodable, would erode and dissolve, or degrade, 
over a period of time; however, It is believed thai a layer 
of endothelium, orskin, will grow as the tube 1 60 erodes, 
the new layer of endothelium, or skin, providing a new, 
fluid impervious lining within aneurysm 151. As will be 30 
hereinafter described in greater detail, when aortic graft 

1 50 is utilized in connection with an emergency insertion 
after a rupture of aneurysm 151 , it would be preferable 
to make tube 160 of a fluid impervious material. Addi- 
tionally, the tube 1 SO or securing means 1 80 could have 35 
a coating of a biologically Inert material, such as TE- 
FLON® or porous polyurethane. 

[0031] Still with reference to FIGS. 1-4 tube 160 may 
have a crimped configuration to form an undulating lon- 
gitudinal cross-sectional configuration (FIG, 1), where- 40 
by kinking, or twisting, or folding over upon itself will be 
minimized when the tube 1 60 Is secured within the an- 
eurysm 151 , as will be hereinafter described in greater 
detail. This undulating configuration can be obtained by 
heat stamping tube 160, orln any othersuitable manner, 45 
whereby the tube 1 60 has a "memory 1 ' and if it is twisted 
or kinked, it will return to its original configuration and 
disposition. Alternatively, tube 160 can have a smooth 
outer surface. 

[0032] WithreferencetoFIGS. 1-4,andFIG.5,anap- so 
paratus 1 80 for repairing an abdominal aortic aneurysm 

151 generally comprises: tube 1 60; expandable and de- 
formabie thin-wailed member 186, or tubular member 
172 which preferably includes slots 173 and has a 
smooth outer wail surface 169, the expansion and de- ss 
formation of the thin-walled member 1 66 being control- 
lable, as will hereinafter be described in greater detail: 
andacathe1er181 having an expandable, inflatable por- 
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tion 182, or balloon 183 associated therewith and a 
noseplece 184. The thin-walled member 166, ortubuiar 
member 1 72, is reieasably mounted to the inflatable por- 
tion 182 of catheter 181 , in any suitable fashion, where- 
by upon Inflation of the expandable, inflatable portion 
182 of catheter 181, the thin-wailed member 166 is 
forced radially outwardly into contact with the aorta 1 52 
to remain secured thereto, whereby the tube 160, se- 
cured to the thin-walled member 166, provides a pas- 
sageway 1 85 (FIG. 4) through the abdominal aortic an- 
eurysm 151 , so that blood can pass through the aneu- 
rysm 151 and be separated therefrom. As seen in FIG. 

4, the existing aortic wall 152' and the thrombosis 154 
therein provide additional support and reinforcement for 
tube 160 of aortic graft 150. 

[0033] The apparatus 1 80 for repairing the abdominal 
aortic aneurysm 151 as illustrated in FIG. 5 is In its con- 
figuration it would have for intraluminal delivery, as also 
illustrated In FIG, 1. in the configuration shown in FIG. 

5, the thin-walled member 1 66 has its first unexpended, 
undeformed diameter D', and balloon 183 Is shown par- 
tially inflated in FIG. 2, and completely Inflated in FIG. 
3. Expansion and deformation of thin-walled member 
168 is controlled by the expansion of balloon 183 of 
catheter 181 . in a conventional manner. When appara- 
tus 180 is being intraluminal^ delivered, catheter 181 , 
thin-walled member 166, and tube 160 are preferably 
enclosed by a conventional catheter sheath 1 86 which 
is removed, as shown in FIG, 1, as apparatus 180 is 
disposed in its desired location within aorta 152, as will 
hereinafter be described In greater detail. Deflation of 
balloon 1 83 permits the withdrawal of catheter 1 81 and 
release of the balloon 183 and catheter from aortic graft 
150 after it has been disposed in the configuration 
shown In FIG. 4. 

[0034] With reference to FIGS. 6 and 8, various em- 
bodiments of grafts 150 are Illustrated within aorta 152 
and aneurysm 151 after aneurysm 151 has been re- 
paired through the use of aoriic graft 1 50 and apparatus 
1 80. in FIG. 6, aortic graft 1 50' Includes tube 1 60 as pre- 
viously described, and graft 150' is secured by use of 
thin-walled member 166 as previously described. Ab- 
dominal aortic aneurysm 151 also includes two lilac ar- 
tery aneurysms 190, which also contain the same 
thrombosis 154 disposed within aneurysm 151. Aortic 
graft 1 50' of FIG. 6 has the second end 1 62 of tube 1 60 
bifurcated, so that two tubular passageways 191 are 
formed which are each in fluid communication with the 
first end 1 81 of tube 1 60, and thef luid passageways 1 91 
are mated with and disposed within the two iliac arteries 
153. 

[0035] The aortic graft 1 50" of FIG. 7 is the same as 
graft 150' of FIG. 6, except that the two tubular passage- 
ways 191 include means for securing the two tubular 
passageways 191 to the two iliac arteries 153. Securing 
means 192 preferably are thin-wailed members 166, or 
tubular members 172 of the same type of construction 
as those used for securing means 1 65. Securing means 
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1 92 may be expanded and deformed in the same man- 
ner as securing means 1 65 by controlled inflation of the 
expandable, inflatable portion "82 of catheter 181. In 
this regard, catheter 181 of apparatus 180 of FIG. 5 may 
include a second expandable, inflatable portion 1 82 {not 
shown) spaced longitudinally from the first expandable, 
inflatable portion 182, so that securing means 165 and 
1 92 may be expanded and deformed simultaneously. Al- 
ternatively, apparatus 180 as shown in FIG. 5 could be 
utilized to first expand and deform securing means 1 65 
disposed at the upper end 1 61 of tube 1 60, and the ex- 
pandable, inflatable portion 182 could then be deflated 
and moved downwardly toward second securing means 
1 92. The expandable, inflatable portion 1 82 would then 
be re-expanded and inflated to deform and expand se- 
curing means 192. Although the flow of pumped blood 
downwardly through aorta 1 52 and into iliac arteries 1 53 
is believed to provide enough pressure to maintain pas- 
sageway 1 81 in their desired positions, there is a slight 
negative vacuum pressure component associated with 
the pumping pressure, whereby the securing means 
1 92 might be required. Securing means 1 92 also serves 
to Insure no movement of passageways 191, caused by 
body movements. 

[0036] In some instances, aneurysm 151 could ex- 
tend above the renal arteries 157, as shown in dotted 
lines 195 In FIG. 7. In order to secure aortic graft 150" 
to repair such an aneurysm 151 , 195, it is preferable to 
use a securing means 1 65' which includes first and sec- 
ond thin-wailed members 166 and 166', ortubular mem- 
bers 172, 172 ! . which are flexibly interconnected by at 
least one connector member 196, the first end 161 of 
tube 1 60 being secured, as previously described, to the 
second end 168 of thin-walled member 166 in the man- 
ner previously described. The flexible connector mem- 
ber 1 96 spans the part of the aorta 1 52 adjacent the re- 
nal arteries 157, so that fluid flow through renal arteries 
157 is not obstructed. Preferably, two connector mem- 
bers 1 96 are utilized, the connector members being dis- 
posed 1 80o apart, whereby the surgeon can determine 
by x-ray or fluoroscopy that the two flexible connector 
members 1 96 are disposed in the position shown in FIG. 
7, wherein the second connector member (not shown) 
is disposed directly behind the first connector member 
196. If two Images of connector members 196 appear 
on the x-ray or the f luoroscope, the surgeon will know 
that it is possible that one of the renal arteries 1 57 may 
be obstructed by one of the connector members 196. 
Securing means 165' is expanded and deformed in the 
same manner as previously described with respect to 
securing means 165. 

[0037] With reference to FIG. 8, a graft 150"' is illus- 
trated, graft 1 50"' being similar in design io the graft 1 50 
illustrated in FIG. 4, with the exception that the second 
end 1 62 of tube 1 60 is provided with additional securing 
means 192 as previously described in connection with 
FIG. 7. 

[0038] With reference to FIGS, 9-12, a method for re- 



pairing an abdominal aortic aneurysm 151 and lilac an- 
eurysm 1 90 with an aortic graft 1 50' as Illustrated in FIG. 
6 will be described. After tube 160 has been connected 
to an expandable and deformable thin-walled member 

s 166, or tubular member 172, as previously described in 
connection with FIGS, 1-5, a surgical wire 200 is intro- 
duced through a conventional catheter insertion device 
201 through the right femora! artery 202R. in a conven- 
tional manner, the surgical wire 200 Is passed from the 

?0 right femoral artery 202R upwardly through the right iliac 
artery 153R through the aorta 152 and downwardly 
through the left iliac arteiy 1 531. and into the left femoral 
artery 202L and into another conventional catheter in- 
sertion device 201 . Apparatus 1 80, including tube 1 60, 

is catheter 1 81 . and thin-walled member 1 66 are then In- 
traluminaily delivered into the aorta 152 and aneurysm 
151 , through the left femora! artery 202L via a conven- 
tional catheter insertion device 201 . Securing means 
165 can be disposed in the aorta 152 in the position 

so shown in FIGS. 9 and 1. Sheath 186 may then be re- 
moved in a conventional manner. With reference to 
FIGS. 1 0 and 1 1 , after sheath 1 86 is removed, surgical 
wire 200 may then be sutured to the right passageway 
1 91 R of tube 160 as shown In FIG. 10. Securing means 

25 1 65 may then be expanded and deformed in the manner 
previously described, as shown in FIG. 11 . The wire 200 
can then be withdrawn and pulled, so as to pull the right 
passageway 1 91 R of tube 1 60 downwardly into the right 
iliac artery 153R until it assumes the position shown in 

30 FIG. 1 2. This same method could also be utilized to re- 
pair an aneurysm 151 , including an iliac aneurysm 191 
with the graft 150" of FIG. 7. 

[0039] With reference to FIGS. 13, :3a, and 14, a 
method and apparatus for repairing an abdominal aortic 

35 aneurysm 151 which has ruptured as shown at 250 in 
FIGS. 13 and 13a is illustrated. As seen in FIG. 13a, 
biood is illustrated by arrows 251 as flowing through the 
opening, or rupture, 250 in the wall 252 of aorta 152, 
and the thrombosis 154 is separated from wail 252. Ap- 

40 paratus 1 80', as shown in FIG. 1 4, issimilarto apparatus 
180 previously described in connection with FIG. 5. Ap- 
paratus 1 80' includes tube 1 60 of the type as previously 
described, a catheter 181' having an extended nose- 
piece 184', tube 160 being disposed about the extended 

45 noseplece 1 84'. Securing means 1 65, as previously de- 
scribed, is mounted upon an expandable, inflatable por- 
tion 183 of catheter 181'. Apparatus 180' differs from 
that previously described, In that catheter 1 81 ' first pass- 
es through securing means 1 65 and then into tube 1 60, 

so whereas in apparatus 180, catheter 181 first passes 
through tube 160 and then Into securing means 165. 
Sheath 186 is also provided as previously described. 
Additionally, the second end 162 of tube 160 is re- 
strained in the position shown in FIG. 14, as by a thread 

55 which Is sutured to the lower end 162 of tube 160, the 
thread 260 passing through the extended catheter nose- 
piece 184'. 

[0040] As will hereinafter be described in greater de- 
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tail, it is preferable thai thread 260 be able to be easily 
pulled through rube 1 60. Accordingly, it is preferred thai 
thread 260 have a smooth, slippery surface. Nylon 
monofilament is thus a preferred material forthread 260. 
[0041] As seen in FIG. 13, apparatus 180' is intraiu- 
minally delivered to the aorta and the ruptured aneu- 
rysm 151 through an axillary artery 261 in the patient's 
arm 262 whereby apparatus 1 80' is intraluminal!;/ deliv- 
ered via the axillary artery downwardly through the aorta 
152 into the position illustrated in FIGS. 13 and 1. Se- 
curing means 165 Is then expanded and deformed in 
the manner previously described, so that aortic graft 1 50 
assumes the configuration illustrated in FIGS. 4 and 13. 
In the event of a rupture 250, it Is believed it would be 
difficult to enter the aorta 152 from the femoral artery, 
where as it is believed it will be readily possibly to intra- 
luminaiiy deliver apparatus 180' through the axillary ar- 
tery 261 via usage of a conventional catheter insertion 
device 201 . Because of the rapid flow of blood, if is pre- 
ferred that the tube 1 60 be made fluid impervious when 
used for repairing aneurysms which have ruptured, li 
should be readily recognized that the procedure illus- 
trated in connection with FIGS. 13, 13a, and 14 can be 
much more expeditiously performed then the conven- 
tional, prior art method for repairing a ruptured aneu- 
rysm 151 . 

[0042] With reference to FIGS. 1 5-1 7, an aortic graft 
1 50 of the same construction as that illustrated in FIGS, 
2-4, and as previously described in connection there- 
with, Is illustrated being implanted within abdominal aor- 
tic aneurysm 151 . The same reference numerals have 
been utilized in FIGS. 15-1 7 for Identical elements pre- 
viously described In connection with FIGS. 2-4. In FIG. 
15, the securing means 1 65, or thin-walled member 1 66, 
which may preferably be a thin-walled tubular member 
1 72, is being expanded and deformed by the inflation of 
balloon 183 of catheter 181, as previously described. 
After securing means 1 65 has been expanded and de- 
formed to have its second expanded, and deformed, di- 
ameter D", as shown in FIG. 16, balloon 183 disposed 
on catheter 1 81 Is moved downwardly through tube 1 60 
to distend tube 1 60 until tube 1 60 has the configuration 
illustrated in FIGS. 4 and 18, within thrombosis 154 of 
abdominal aortic aneurysm 151, with the second, or low- 
er end, 1 62 of tube 1 60 being disposed within the lower 
neck portion 300 of abdominal aortic aneurysm 151 , or 
aortic bifurcation 301 . 

[0043] A completion aortogram may then be obtained. 
If the completion aortogram demonstrates reflux, or 
flow, back into the abdominal aortic aneurysm 151, li 
may be desirable to secure the second end 1 62 of tube 
160 within the lower neck 300 of abdominal aortic an- 
eurysm 1 51 . or aortic bifurcation 301 . Another securing 
means 165, or thin-wailed tubular member 172, may 
then be intraiuminally delivered to the lower end 162 of 
tube 1 60, by disposing tubular member 1 72 upon an ex- 
pandable, inflatable portion, or balloon 183, of another 
catheter 181, Upon the means for securing 1 92' the sec- 



ond end 162 of tube 160, or tubular member 1 72, being 
expanded and deformed by balloon 183 of another, or 
second catheter 181, the means for securing 192' the 
second end 162 of tube 160 will be expanded within low- 
s' er neck 300, or aortic bifurcation 301 , into the configu- 
ration illustrated in FIG. 17. 

[0044] Alternatively, aortic graft 150 may be initially 
provided with the means for securing 192' the second 
end 162 of tube 160 before the initial deployment of aor- 

?0 tic graft 1 50 within abdominal aortic aneurysm 151. The 
second securing means 1 92' may be sutured to the low- 
er end 1 62 of tube 1 60 in the same manner as securing 
means 165 Is initially sutured to the upper end 161 of 
tube 160, as previously described. Second securing 

is means 192' would likewise have a first diameter D' to 
permit the intraluminal delivery of tube 160 along with 
second securing means 1 92'. After securing means 1 65 
has been expanded into its second, expanded diameter 
D", as shown in FIG. 16, the balloon 183 would be de- 

20 flated, and catheter 181 would be moved downwardly 
to dispose balloon 183 within the second securing 
means 1 92', Balloon 1 83 would then be reinflatsd to ex- 
panded second securing means 1 92' into the configura- 
tion illustrated In FIG. 17. 

25 [0045] Alternatively, aortic graft 150 including first se- 
curing means 165 and second securing means 192' 
could be mounted upon an apparatus 180", or double 
balloon catheter 181", which will be hereinafter de- 
scribed in greater detail in connection with FIGS. 20 and 

30 21 . When using double balloon catheter 181", the first 
balloon 1 83, upon which first securing means 1 65 is dis- 
posed, Is first inflated to secure the first end 1 61 of the 
tube 160 to the aorta. Thereafter the second balloon 
1 83', upon which the second securing means 1 92' is dis- 
ss posed, Is then inflated to expand the tubular member 
1 72 of second securing means 1 92 ! . It should be noted 
that because of the shorter length of the lower neck 300 
of abdominal aortic aneurysm 151, in comparison to the 
longer upper neck 302 of abdominal aortic aneurysm 

40 1 51 , the tubular member 1 72 of second securing means 
1 92' is shorter in length than the tubular member 1 72 of 
the first securing means 165, to enable the second se- 
curing means 1 92' to be properly secured within the aor- 
tic bifurcation 301 . or lower neck 300 of abdominal aortic 

45 aneurysm 151, as illustrated in FIG, 17. If should also 
be noted that the first securing means 1 65 could be any 
type of expandable stent, provided it has a first diameter 
which permits intraluminal delivery of the first securing 
means 165 into the aorta 152, and also has a second, 

so expanded diameter, to secure the first end 161 of tube 
160 to the aorta 152, or the upper neck 302 of abdominal 
aortic aneurysm 151, Preferably, the first securing 
means 1 65 is of the construction of tubular member 1 72 
previously described, as is the construction of the see- 

55 ond securing means 1 92', or the lower tubular member 
172. 

[0046] With reference to FIGS. 1 8 and 1 9, in accord- 
ance with the present Invention, the second, or lower 
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end 1 62 of lube 1 80 of aortic graft 1 50 is illustrated dis- 
posed within aortic bifurcation 301, or the iower neck 
300 of abdominal aortic aneurysm 151 . Aortic graft 150, 
instead of being provided with a means for securing 1 82' 
the second end 1 82 of tube 1 80 within aortic bifurcation 
301 , the second, or lower end 162, of tube 160 is pro- 
vided with a means for sealing 31 0 the second end 1 62 
of tube 160 within the aortic bifurcation 301, or iower 
neck 300 of abdominal aortic aneurysm 151 . Otherparts 
are as described above in relation to the prior art. 
[0047] It is very important that reflux of blood flow info 
the aneurysm sac, or area of thrombosis 154 in abdom- 
inal aortic aneurysm 1 51 , be prevented by proper align- 
ment of the tube 1 60 with a norma! segment of the aorta, 
or the iower neck 300 of abdominal aortic aneurysm, ai 
the location of the aortic bifurcation 301 . It is has been 
determined that provided a lower neck 300 of abdominal 
aortic aneurysm 151 is present in a patient, and a rube 
1 60 of adequate diameter has been tailored to a length 
that is appropriate to reach the lower neck 300, the un- 
desired reflux may not occur. Based upon research, it 
has been determined that even if the length of the tube 
160 has been calculated precisely, the anatomy of an 
abdominal aortic aneurysm 151 may determine whether 
or not high-pressure reflux of blood will occur into the 
aneurysm sac, or area of thrombosis 154. in genera!, 
large abdominal aortic aneurysms are less likely than 
small abdominal aortic aneurysms to have a lower neck 
300 which has an adequate length to readily permit se- 
curing the iower end 1 62 of tube 1 60 within aortic bifur- 
cation 301 . Furthermore, the interior surface of aortic 
bifurcation 301 may have an irregular shape, or cross- 
sectional configuration, whereby It might be difficult to 
utilize a securing means 192' to secure the lower end 
1 62 of tube 1 60 within the aortic bifurcation 301 without 
undesired reflux of blood flow into the aneurysm sac. 
Accordingly, because of the anatomy of the abdominal 
aortic aneurysm 151 of a patient, it would be desirable 
to seal the second end 1 62 of tube 1 80 within the aortic 
bifurcation 301 , or lower neck 300 of abdominal aneu- 
rysm 151 , 

[0048] Sealing means 31 0 includes at least one wire 
315 which is associated with the second end 1 62 of tube 
1 60 of graft 1 50. The ai least one wire 315 and the sec- 
ond end 1 62 of tube 1 60 have a first cross-sectional con- 
figuration which permits intraluminal delivery of t he tube 
1 60 and the sealing means 31 0 into the aortic bifurcation 
301, as illustrated in FIG. 18. The at least one wire 315 
and the second end 1 62 of tube 1 60 haye a second end 
enlarged cross-sectional configuration, as illustrated in 
FIG. 19, wherein the at least one wire 31 5 in the second 
end 1 62 of tube 1 60 conforms to, and sealing engages, 
the interior surface 311 of the aortic bifurcation 301. 
Preferably, the at least one wire 315 is associated with 
the second end 1 62 of tube 1 60 by weaving the at least 
one wire 315 into the second end 162 of tube 160, the 
tube 1 60 being typically woven of DACRON® as previ- 
ously discussed. As seen in FIGS. 18 and 19, the at least 
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one wire 315 is woven into the second end 162 of tube 
1 60 in a generally zigzag pattern. The at least one wire 
315 may be woven into the second end 1 62 of tube 1 60 
with portions 320 of the at least one wire 315 extending 

s outwardly or inwardly of the second end 162 of tube 160, 
as shown in FIG. 18, as will be hereinafter described in 
greater detail. The at least one wire 315 may be prefer- 
ably formed of gold, or tantalum, or any other suitable 
metallic or plastic material having the requisite flexibility 

?0 and biocompatibility characteristics forthe intended use 
of graft 150. 

[0049] Still with reference to FIGS, 1 8 and 1 9, the at 
least one wire 315 has a thickness which permits if to 
be woven into the wail surface 325 of tube 1 60, whereby 

is the at least one wire 315 lies in substantially the same 
plane as tube 1 60 when it has its first cross-sectional 
configuration, as shown in FIG. 18, which permits intra- 
luminal delivery of the tube 1 60 and the at least one wire 
3:5 into the aortic bifurcation 301 . The wire 315 should 

20 be flexible and malleable, whereby upon the lower end 
162 of tube 160 being expanded by a balloon 183 or 
1 83' of a balloon catheter 181 , or 1 81 ", the at least one 
wire 31 5 will be deformed into the configuration illustrat- 
ed in FIG. 19, whereby the at least one wire 315 will 

25 cause the lower end 1 62 of tube 1 60 to closely conform 
to the interior surface 311 of aortic bifurcation 301 , so 
as to seallngly engage the Interior surface 311 of aortic 
bifurcation 301 , The portions 320 of the at least one wire 
315 which extend outwardly or inwardly of the second 

30 end 162 of tube 160, when the tube 160 and sealing 
means 310 have the first cross-sectional configuration 
illustrated in FIG. 18, permit the expansion of the lower 
end 162of tube 180 into the second enlarged cross-sec- 
tional configuration illustrated in FIG. 19, If desired, as 

35 shown in FIG. 1 8, more than one wire 315 may be woven 
Into the lower end 1 62 of tube 1 60 of graft 1 50. 
[0050] With reference to FIGS. 20 and 21 , a balloon 
device 1 80" for use in repairing an abdominal aortic an- 
eurysm 151 In an aorta 152 having two Iliac arteries 153 

40 associated therewith at an aortic bifurcation 301 is 
shown to generally include a catheter 1 81 " having a lon- 
gitudinal axis 350 and at least three internal passage- 
ways 351 , 352, 353; first and second inflatable balloons 
1 83, 1 83' disposed upon the catheter 181" and separat- 
es ed by a predetermined distance, each balloon 1 83, 1 83' 
connected to at least one of the infernal passageways 
351-353, For example, first balloon 183 may be dis- 
posed in fluid communication with interna! passageway 
352, which is in fluid communication with in Set port 352', 

so the second balloon 183' being in fluid communication 
with interna! passageway 353 which is in fluid commu- 
nication with inlet port 353', Internal passageway 351 
provides a passageway, or lumen, for a conventional 
guide wire (not shown) which passes through catheter 

55 181" and can exit through a conventional nose piece 
1 84 adjacent the first balloon 1 83. 
[0051] With reference to FIG. 20, the second balloon 
183' has first and second ends 360, 361 and a longitu- 
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dinai axis 362 which is substantially parallel to the lon- 
gitudinal axis 350 of catheter 181". The first end 360 of 
the second bailoon 183' Is disposed closer to the first 
balloon 1 83 than the second end 381 of the second bal- 
loon 1 83'. The first and second balloons 1 83, 1 83', have 
a generally cylindrical cross-sectional configuration up- 
on being inflated, as illustrated in FIG. 20, and this 
cross-sectional configuration is defined by an outer wail 
surface 363, 364 of each balloon 1 83, 1 83 ! . The second 
end 381 of the second balloon 1 83' includes an end wall 
surface 365 which is disposed substantially perpendic- 
ular to the longitudinal axis 350 of a first portion of cath- 
eter 1 81 " disposed within the second balloon 1 83', and 
this wall surface 385 is also substantially perpendicular 
to the outer wall surface 384 of the second balloon 183' 
when the second balloon 183' is inflated, as illustrated 
in FIG 20. Because of the end wail surface 365 of the 
second balloon 183' being disposed substantially per- 
pendicular to the longitudinal axis 362 of the second bal- 
loon 183', the second balloon 183' may be readily dis- 
posed, and received, within the aortic bifurcation (shown 
in phantom lines) 301 . Were the second balloon 1 83' to 
have the conventional construction of balloon 183, in- 
cluding the end wall surface 370 which Is not substan- 
tially perpendicular to the longitudinal axis of first bal- 
loon 183, such an end wail surface 370 would prevent 
the outer wail surface 364 of balloon 183' from being 
properly disposed within the relatively short lower neck 
300 of the abdominal aortic aneurysm 1 51 , so as to be 
able to properly inflate and expand either the securing 
means 192' of FIG. 17 or the sealing means 310 of FIG. 
'8, as previously described. 

[0052] Still with reference to FIG. 20, a second portion 
380 of catheter 181", located immediately adjacent the 
second end 361 of the second balloon 1 83', is disposed 
at an angle 38: of approximately thirty degrees with re- 
spect to the longitudinal axis 362 of the second balloon 
183'. The second portion 380 of the catheter 181" may 
thus be readily disposed In an iliac artery 153 of the aor- 
tic bifurcation 301 , which further assists the proper de- 
ployment of second balloon 183' within the lower neck 
300 of abdominal aortic aneurysm 151 , or aortic bifur- 
cation 301 , so that It may properly be inflated to expand 
securing means 192', or sealing means 310. as previ- 
ously described. The second portion 380 of catheter 
181" may be biased into the angle 381 of approximately 
thirty degrees, such a by molding catheter 181" with the 
angle 381 of second portion 380 being formed by the 
molding process. If catheter 181" is formed of an ex- 
tended plastic, the angulated second portion 380 can 
be formed by heating the second portion and then bend - 
ing It to have the desired angular configuration. The de- 
sired angular configuration will then be "heat set" after 
the plastic material cools. 

[0053] A stiff guide wire (not shown), or mandrel 370, 
which enters catheter 181' at inlet port 351 of internal 
passageway 351 could serve to provide catheter 181" 
with the desired relatively straight orientation of catheter 
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181" during deployment of apparatus 180" into the ab- 
dominal aortic aneurysm 151, and upon withdrawal of 
the guide wire, or mandrel 370 the second portion 380 
of catheter 1 80" would be biased into the configuration 

s illustrated in FIG. 20. Alternatively, the second portion 
380 of catheter 1 81 " may be more flexible than the other, 
or first, portions 385 of catheter 181", which permits the 
second portion 380 to be readily angularly disposed at 
the desired angle of approximately thirty degrees with 

?0 respect to the longitudinal axis 362 of the second bal- 
loon 1 83'. Such increased flexibility may be provided by 
forming the second portion 380 of catheter 1 81 " with a 
wall thickness which is thinner than the wall thickness 
of the other, or first portions, 385 of the catheter 1 81 ", 

is whereby the second portion 380 is more flexible than 
the first portions 385. Alternatively, the second portion 
380 may be formed of a first material and the other por- 
tions 385 of the catheter 181" are formed of a second 
material, the first material being more flexible than the 

20 second material. 

[0054] In use with the graft of the present invention, 
the bailoon device, or apparatus, 181" would initially 
have the balloons 1 83, 1 83' uninflated, with the balloons 
disposed with respect to catheter 181" In a conventional 

25 manner to permit Intraluminal delivery of apparatus 
180". A securing means 165, as previously discussed, 
in connection with FIGS. 1-5 and 15-17 would be asso- 
ciated with f irst balloon 1 83, and either a securing or a 
sealing means 31 0 of FIG. 1 8, would be associated with 

30 the second balloon 183'. As previously described, a 
sheath 1 88 (FIG. 5) would be disposed about apparatus 
180", the sheath 186 being withdrawn as illustrated in 
FIG. 1 . The first balloon 1 83 would be inflated as previ- 
ously described to expand securing means 1 65, and the 

35 second balloon 1 83' would be Inflated to expand secur- 
ing or sealing means 310, as previously described. 
[0055] It is to be understood that the Invention is not 
limited to the exact details of construction, operation, ex- 
act materials or embodiments shown and described, as 

40 obvious modifications and equivalents will be apparent 
to one skilled in the art. For example, the balloon device 
could be provided with only the second balloon, the first 
balloon being deleted. Additionally, the wall surface of 
the thin-wailed member could be formed by a plurality 

45 of wires having a smooth exterior surface. Accordingly, 
the invention is therefore to be limited only by the scope 
otthe appended claims. 



so Claims 

1 . An aortic graft for intraluminal delivery to repair an 
abdominal aortic aneurysm (151) in an aorta (152) 
having two iliac arteries (153) associated therewith 
55 at an aortic bifurcation (301), comprising: 

a tube (1 60) having first and second ends (161, 
162), an intermediate portion disposed be- 
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tween the first and second ends, and a wail sur- 
face (163) disposed between the two ends, at 
least a portion of the tube adapted to be dis- 
posed within the abdominal aortic aneurysm 
(151 ), the intermediate portion of the tube being 
not substantially radially expandable, and the 
first end of the tube being radially expandable; 

a first means (165) for securing the first end 
(1 61) of the tube to the aorta, the first securing 
means having a first diameter which permits in- 
traluminal delivery of the first securing means 
into the aorta and the first securing means hav- 
ing a second, expanded diameter, to secure the 
first end of the tube to the aorta; and 

a second means (31 0) for securing the second 
end of the tube at the aortic bifurcation, the sec- 
ond means for securing being disposed at the 
second end of the tube and comprising at least 
one wire (315) associated with the second end 
of the tube, the at least one wire (315) and the 
second end (182) of the tube having a firs; 
cross-sectional configuration which permits in- 
traluminal delivery ot the tube and the second 
securing means within the aortic bifurcation 
(301), and a second enlarged cross-sectional 
configuration, wherein the at feast one wire and 
the second end of the tube conform to, and 
seaiingly engage, the Interior surface of the 
aortic bifurcation (301 ). 

2. The aortic graft of claim i , wherein the at least one 
wire (315) is associated with the second end of the 
tube by weaving the at least one wire info the sec- 
ond end (1 62) of the tube. 

3. The aortic graft of claim 2, wherein the at least one 
wire (315) Is woven into the second end of the tube 
in a generally zigzag pattern. 

4. The aortic graft of claim 2, wherein the at least one 
wire (315) Is woven into the second end of the tube 
with portions (320) of the at least one wire extending 
outwardly of the second end of the tube. 

5. The aortic graft of claim 2, wherein the at least one 
wire (315) Is woven into the second end of the tube 
with portions (320) of the at least one wire extending 
inwardly of the second end of the tube. 



Patentarsspruehe 

1. Aortales Implantat zur intraluminalen Einbringung 
zur Behebung elnes abdomlnaien aorialen Aneu- 
rysmas (151) in einer Aorta (152) mit zwei dieser 
zugeordneten Huftarterien (153) an einer aortalen 



Gabeiung (301), mil: 

einer Rohre (160) mit ersten und zweiten En- 
den (161. 162), einem Zwischenbereich, der 

s sich zwischen den ersten und zweiten Enden 

befindei, und einer Wandflache (163), die sich 
zwischen den belden Enden beflndet, vvobei 
zumindest ein Bereich der Rohre dazu ver- 
wendbar ist, In dem abdomlnaien aortalen An- 

?0 eurysma (151) angeordnet zu werden, wobei 

der Zwischenbereich der Rohre im Wesentii- 
chen nicht radial ausdehnbarist, und wobei das 
erste Ende der Rohre radial ausdehnbar ist; 

ts einem ersten Mittel (165) zur Befesiigung des 

ersten Endes (161) der Rohre an der Aorta, wo- 
bei das erste Befestigungsmittel einen ersten 
Durchmesser hat, der das Intraluminale Eln- 
bringen des ersten Befestigungsmlttels in die 

20 Aorta eriaubt, und wobei das erste Befesti- 

gungsmittel einen zweiten, ausgedehnten 
Durchmesser hat, urn das erste Ende der Roh- 
re an der Aorta zu befestigen; und 

25 einem zweiten Mittel (31 0) zur Befestigung des 

zweiten Endes der Rohre an der aortalen Ga- 
beiung, wobei das zweite Befestigungsmittel 
sich am zweiten Ende der Rohre bei'indet und 
mindestens einen Draht (31 5) aufweist, der mit 

30 dem zweiten Ende der Rohre verbunden ist, 

wobei der mindestens elne Draht (315) und das 
zweite Ende (1 62) der Rohre eine erste Quer- 
schnitsform haben, die ein intraluminales Eln- 
bringen der Rohre und des zweiten Befesti- 

35 gungsmitfeis In deraortaien Gabeiung (301) er- 

moglicht, sowie elne zweite, vergroBerte Quer- 
schnittsform, bei derder mindestens eine Draht 
und das zweite Ende der Rohre der Innenflache 
der aortalen Gabeiung (301) entsprechen and 

40 mit dieser dicht in Eingriff gebracht werden. 

2. Aortaies Implantat nach Anspruch 1 , bei dem der 
mindestens eine Draht (315) mit dem zweiten Ende 
der Rohre verbunden wlrd, indem der mindestens 

45 eine Draht mit dem zweiten Ende (162) der Rohre 
verwoben wird. 

3. Aortales implantat nach Anspruch 2, bei dem der 
mindestens eine Draht (315) im Allgemeinen in ei- 

so nem Zlckzackmusier mit dem zweiten Ende der 
Rohre verwoben wird, 

4. Aortaies Implantat nach Anspruch 2, bei dem der 
mindestens eine Draht (315) so mit dem zweiten 

55 Ende der Rohre verwoben wird. dass Bereiche 
(320) des mindestens einen Drahts sich von dem 
zweiten Ende der Rohre nach auBen erstrecken. 
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5. Aortales Implantat nach Anspruch 2, bei dem der 
mindestens eine Draht (315) so mit dem zweiten 
Ende cier Rohre verweben wird, dass Berelche 
(320) des mindestens einen Drahts slch von dem 
zweiten Ende der Rohre nach innen erstrecken. 



Revendications 

1. Greffe aortique pour installation intraluminal pour ?o 
reparer un anevrisme aortique abdominal (151) 
dans ijne aorte (152) preseniant deux arte res ilia- 
ques (153) associee a celle-ci au niveau d'une bi- 
furcation aortique (301), comprenant : 

15 

un tube (180) presentant une premiere et une 
seconds extremites (161, 162), une partie in- 
termedlaire agencee entre ia premiere et la se- 
conde extremltes. et une surface de paroi (1 63) 
disposee entre ies deux extremites, au moins 20 
une partie du tube etant adaptee pour etre dis- 
posee a I'interieur de I'anevrisme aortique ab- 
dominal (151), ia partie intermediate du tube 
n'etant pas sensiblement expansible dans le 
sens radial, et la premiere extremite du tube ss 
etant expansible dans le sens radial; 
des premiers moyens (165) pour fixer la pre- 
miere extremite (161) du tube a I'aorte, ies pre- 
miers moyens de fixation ay ant un premier dia- 
metre qui permet I'installation intraluminal des 30 
premiers moyens de fixation dans I'aorte et Ies 
premiers moyens de fixation ayant un second 
diametre elargi pour fixer la premiere extremite 
du tube a I'aorte ; et 

des seconds moyens (31 0) pour fixer la secon- 35 
de extremite du tube au niveau de ia bifurcation 
aortique, Ies seconds moyens de fixation etant 
disposes au niveau de la seconde extremite du 
tube et comprenant au moins un fil (315) asso- 
cie a ia seconde extremite du tube, I'au moins 40 
un fil (315) et la seconde extremite (162) du tu- 
be ayant une premiere configuration transver- 
sale qui permet I'installation Intraluminal du tu- 
be et Ies seconds moyens de fixation a I'lnie- 
rieur de la bifurcation aortique (301 ), et une se- 45 
cor.de configuration transversals elargie, dans 
laqueiie I'au moins un fil. et la seconde extre- 
mite du tube se conferment a ia surface interne 
de la bifurcation aortique (301) et s'engageni 
de maniere etanche dans celle-ci. so 

2. Greffe aortique selon ia revindication 1, dans la- 
queiie i'au moins un fil (315) est assoele a la secon- 
de extremite du tube en entrecrolsant I'au moins un 

fil dans la seconde extremite (1 62} du tube. ss 

3. Greffe aortique selon la revendication 2, dans la- 
queiie I'au moins un fil (315) est entrecroise dans la 
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seconds extremite du tube selon un motif genera- 
lament en zigzag. 

4. Greffe aortique selon la revendication 2, dans la- 
queiie I'au moins un fil (315) est entrecroise dans la 
seconde extremite du tube, des parties (320) de I'au 
moins un fil s'etendant vers i'exterieur de la secon- 
de extremite du tube. 

5. Greffe aortique selon la revendication 2, dans la- 
queiie I'au moins un fil (315) est entrecroise dans la 
seconde extremite du tube, des parties (320) de I'au 
moins un fil s'etendant vers I'interieur de la seconde 
extremite du tube. 
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